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Description 

[0001] The present invention relates to a medical 
electrical lead system having a torque transfer stylet for 
electrically connecting an organ to an electrical device, s 
and particularly, but not exclusively, to a torque stylet 
which provides the transmission of rotational torque 
from a proximal end of the stylet, outside the body, to a 
distal end of the stylet, inside the body, while the lead 
and stylet are bent. 

[0002] In the medical field, various types of body im- 
plantable leads are known and used. One type of com- 
monly used implantable lead is an endocardial pacing 
lead. 

[0003] Endocardial pacing leads are attached at their 
proximal end to an implantable pulse generator and at 
their distal end to the endocardium of a cardiac cham- 
ber. The distal end of an endocardial lead may engage 
the endocardium by either an active fixation mechanism 
or a passive fixation mechanism. 
[0004] Passive fixation mechanisms, such as a tine 
assembly, lodge or passively fix the lead to the heart. 
Active fixation mechanisms use a structure, such as a 
helix or hook, to engage into or actively fix themselves 
onto the heart. 

[0005] A preferred means for introducing an endocar- 
dial lead into the heart is through a vein. Specifically, 
such a lead, called a transvenous lead, is introduced into 
and manoeuvered through the vein so the distal end is 
positioned within the heart. Introduction of an active fix- 
ation lead, however, in such a manner presents difficul- 
ties. In particular, an exposed sharpened helix, may 
damage a vein during introduction. Thus many active 
fixation leads have helixes which either retract into the 
lead body or are shielded during introduction. See, for 
example, U.S. Patent No. 4,972,848 of the Di Domenico 
(helix shielded within lead body which may be extended 
to engage cardiac tissue): U.S. Patent No. 5,003,992 of 
Holleman et. al (plunger through helix guards against 
damage to tissue by the helix, plunger may be retracted 
to permit helix to engage tissue) and U.S. Patent No. 
4,827,940 of Mayer et. al. (soluble cover shields helix 
until positioned approximate fixation site.) 
[0006] Retraction into and extension from the lead 
body is a preferred method of shielding the helix in a 
transvenous, endocardial lead. Various means may be 
used to achieve such retraction and extension. One 
means used has been with a stylet. For example, U.S. 
Patent No. 4,217,913 to Dutcher et al. discloses a lead 
having a coiled conductor encased within an insulating 
material. The lead system disclosed in US-A-4 217 913 
comprises the features of the preamble of claim 1. In 
particular, a ridged helix is attached at the distal end of 
the lead by a piston. The lead body is shaped to permit 
the introduction of a stylet therethrough. The stylet and 
piston, in particular, are shaped to mutually engage one 
another. Specifically, the stylet has a screwdriver 
shaped distal tip which engages into a slot in the head 



of the piston . When these two objects are mated togeth- 
er and the stylet is rotated, it transmits rotational torque 
to the piston. The piston, in turn, rotates the attached 
helix such that when rotated in the first direction, the he- 
lix is advanced out of the distal end of the lead body so 
it may be introduced into endocardial tissue. When ro- 
tated in a second direction the helix retracts into the lead 
body so it disengages endocardial tissue. In various en- 
docardial screw-in lead designs the hciix may be either 
electrically isolated from a spaced electrode or may it- 
self constitute the electrode. 

[0007] One difficulty sometimes encountered with 
such a design is when it becomes necessary to bend 
the lead so the distal end may be positioned in a desired 
location. This type of bending is often required, for ex- 
ample, when the lead needs to be implanted in the right 
atrium of the heart. Bending of the lead body may be 
readily accomplished by various means. Inducing a 
torque to the distal end while bent, however, presents a 
challenge. Specifically, because if the lead is bent, ro- 
tation of the proximal end of the stylet will tend to cause 
the bent stylet and thus bent lead body to rotate there- 
about, that is, it will cause the entire bent lead to rotate 
such that the distal end dislodges from its desired loca- 
tion. It is preferred if rotation of the stylet, even though 
bent, does not cause the distal end to dislodge, but rath- 
er only rotates about its longitudinal axis. 
[0008] One solution which has been proposed to per- 
mit a helix to be rotated at the distal end of a lead by a 
stylet while the lead and stylet are bent may be seen in 
the U.S. Patent No. 4,350,169 to Dutcher etal. As seen, 
this discloses a stylet having a narrowed or necked re- 
gion adjacent to the distal end of the stylet. This necked 
or narrowed section increases the flexibility of the stylet 
in that region without detracting from the ability of the 
stylet to transmit torque from its proximal end to its distal 
end. In particular it was believed that by providing a 
readily flexible necked or narrowed intermediate section 
the stylet would bend in conformity with the lead body 
but would rotate about its longitudinal axis when rotated. 
[0009] In practice, it has been found, however, that 
this necked or narrowed section in the stylet still imparts 
a considerable tendency to straighten the bend or curve 
in the lead and thus dislodge the tip of the lead from the 
desired position. In order to offset this straightening ten- 
dency, the J-shape of the preformed atrial leads must 
be made inherently stiffer. This stiffening can cause ad- 
ditional chronic trauma at the implant site which can lead 
to higher stimulation thresholds or poor sensing or both 
during chronic use of the lead. These difficulties have 
slowed wide-spread adoption of transvenous endocar- 
dial screw-in leads. 

[0010] One device used to provide the transmission 
of torque about a bend is disclosed in U.S. Patent No. 
5,1 65,421 of Fleischhacker et al. which discloses a hol- 
low lumen cable apparatus. Specifically this apparatus 
comprises a pair of counter wound coils. These coils 
permit the apparatus to be highly flexible and pliant while 
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permitting torque to be readily transferred. One draw- 
back with such an apparatus, however, is its flexibility. 
For lead implantation, although it may be necessary for 
the lead to bend, it is still necessary for the stylet to pro- 
vide some degree of stiffness to the lead. s 
[001 1] It is accordingly an object of the present inven- 
tion to provide a medical electrical lead system having 
a torque stylet which transmits torque from the proximal 
end of the stylet to the distal end of the load while both 
are bent. 

[0012] According to the invention, there is provided a 
body implantable lead system comprising: 

a lead for electrically communicating with a tissue 
of a body, the lead having a conductor having a 
proximal end and a distal end, the conductor having 
a lumen, the conductor covered between the prox- 
imal end and the distal end by an insulative sheath, 
a fixation helix positioned at the distal end of the 
conductor, the fixation helix having a proximal end 
and a distal end, the proximal end of the fixation he- 
lix having means for receiving a torque; 
a stylet disposed through the lumen, the stylet hav- 
ing a distal tip, a distal section, an intermediate sec- 
tion and a proximal section, the distal section having 
a first diameter, the intermediate section having a 
second diameter, the second diameter being small- 
er than the first diameter; 

characterized in that the intermediate section has 
a torque coil located there about. 
[001 3] In a preferred embodiment, the torque transfer 
stylet comprises an elongate, stylet wire having proxi- 
mal, intermediate and distal sections. The proximal and 
distal section of the stylet wire have a first diameter. The 
intermediate section spans between the proximal and 
distal sections. The stylet wire in this region, however, 
has a second diameter, the second diameter being 
smaller than the first diameter of the proximal and distal 
sections. In addition, the intermediate section further 
has a length of torque coil wrapped thereabout. The 
torque coil preferably is wound in a coiled diameter 
which is the same as the first diameter of the proximal 
and distal sections of the stylet wire. Through such a 
configuration the stylet has an overall nearly uniformed 
diameter through its length. 

[0014] The present invention may be better under- 
stood and appreciated with reference to a detailed de- 
scription of a preferred embodiment of the invention , giv- 
en by way of example only, when read in conjunction 
with the accompanying drawings, wherein: 

FIG. 1 is a plan view of a stylet- activated, steroid 
eluting, screw-in endocardial bipolar pacing lead in 
which the stylet of the present invention may be 
used; 

FIG. 2a is a greatly enlarged sectional view of a dis- 
tal segment of the lead of FIG. 1 including the lead's 



electrode assembly; 

FIG. 2b is a greatly enlarged sectional view of a dis- 
tal portion of the electrode assembly of FIG. 2a; 
FIG. 2c is a greatly enlarged sectional view of a 
proximal portion of the electrode assembly of FIG. 
2a; 

FIGS. 3a and 3b are front and sectional views, re- 
spectively, of a distal tip electrode in the electrode 
assembly of FIG. 2a; 

FIG. 3c is a front view of an alternative embodiment 
of a distal tip electrode; 

FIG. 4 is a greatly enlarged side view of a coiled 
conductor within the lead of FIG. 1 ; 
FIG. 5 is a side view of a helix assembly from the 
electrode assembly of FIG. 2a; 
FIGS. 6a and 6b are rear and sectional views, re- 
spectively, of a helix sea! in the electrode assembly 
of FIG. 2a; and 

FIGS. 7a and 7b are greatly enlarged side and distal 
end views, respectively, of a stylet used in conjunc- 
tion with the lead from FIG. 1 ; 
FIG. 8 is an enlarged side view of the distal end seg- 
ment of the stylet showing the variations in diameter 
of wire coil attachment junctions of the proximal and 
distal straight wire sections; 
FIG. 9 is an enlarged sectional view of the stylet of 
FIG. 7 showing the bonding of a proximal end sec- 
tion of the wire torque coil to the proximal straight 
wire section in the reduced diameter portion there- 
of; 

FIG. 10 is an enlarged sectional view of the stylet 
of FIG. 7 showing the bonding of the distal end sec- 
tion of the wire torque coil to the distal straight wire 
section in the reduced diameter portion thereof; 
FIG. 11 is a partial sectional view of an alternative 
embodiment of a stylet according to the present in- 
vention; 

FIGS. 12 and 13 are sectional views of alternative 
embodiments of the helical wire torque coil used in 
a lead system of the present invention; 
FIG. 14 depicts the torque stylet used to activate a 
helix in a bent lead; 

FIG. 15 is a side view of an alternative embodiment 
of a stylet used in conjunction with the lead from 
FIG. 1; and 

FIG. 16 is a partial sectional view of the alternative 
embodiment of a stylet depicted in FIG. 15 

[0015] The drawings are not necessarily to scale. 
[0016] The present invention is described within the 
context of a screw-in bipolar transvenous endocardial 
lead adapted for use in connection with an implantable 
cardiac pulse generator. The present invention, howev- 
er, maybe advantageously practiced in conjunction with 
many different types of implantable medical devices as 
well as many other various embodiments of a medical 
electrical lead besides the particular bipolar lead de- 
scribed herein. 
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[0017] FIG. 1 is a plan view of a stylet-activated, ster- 
oid eluting, screw-in endocardial bipolar pacing lead 1 0 
in which the stylet of the present invention may be used. 
As seen Lead 10 has a flexible, elongate lead body 12 
covered by an insulative sleeve, such as polyurethane 
or silicone rubber. Terminal assembly 14 is provided at 
the proximal end for coupling lead 10 to an implantable 
pulse generator (not shown.) Terminal assembly 1 4 has 
sealing rings 1 6 and terminal pin 1 8, all of a type known 
in the art. 

[0018] An anchoring sleeve 20 (shown partially in 
cross-section) may also be provided for suturing lead 
body 12 to body tissue. Anchoring sleeve 20 and termi- 
nal assembly 14 are preferably fabricated from silicone 
rubber, although they may also be constructed of any 
other suitable biocompatible material known in the art. 
[0019] Lead 10 also includes stylet guide 22 and 
torque transfer stylet 24 coupled to terminal pin 18 for 
imparting stiffness to lead 10 during placement and for 
actuation of the lead's fixation helix, described below. 
[0020] With continued reference to FIG. 1, an elec- 
trode and fixation assembly designated generally as 26 
is disposed at the distal end of lead body 12. Electrode 
and fixation assembly 26 is, in the disclosed embodi- 
ment, of the bipolar type and has tip electrode 28 at its 
distal end and a ring electrode 30 spaced proximally 
back from the distal end. Tip electrode 28 and ring elec- 
trode 30 are coupled to separate, insulated lead con- 
ductors (not shown in FIG. 1) which extend along the 
length of lead body 12. Lead conductors are preferably 
configured as concentric multi-filar coils of MP35N or 
any other suitable biocompatible conductive alloy, such 
as a ptatinum-iridium alloy. The concentric coiled design 
allows for a longitudinal lumen to exist along the length 
of lead body 12, such that a stylet may be received 
therein. 

[0021] In FIG. 2a, there is shown a greatly enlarged 
sectional view of a distal portion of lead body 12 and 
electrode and fixation assembly 26. In FIG. 2b there is 
shown the portion of FIG. 2a contained within dashed 
line 2b, and in FIG. 2c there is shown the portion of FIG. 
2a contained within dashed line 2c, both even further 
enlarged for the sake of clarity. 
[0022] As shown in FIGS. 2a and 2c, lead body 12 
has an outer flexible insulative sheath 32 made of sili- 
cone rubber, polyurethane, or the like. Outer insulative 
sheath 32 covers first coiled conductor 34. Conductor 
34 extends along through lead body 12 and terminates 
at its distal end where it is electrically coupled, for ex- 
ample by spot or laser welding, to a crimp sleeve 36 
made of stainless steel or the like. Crimp sleeve 36, in 
turn, is in electrical connection with a sleeve 38 which 
is similarly made of stainless steel or the like. Sleeve 38 
is engaged within and in electrical contact with substan- 
tially cylindrical ring electrode 30, which is preferably 
made of a 90/10 platinum/iridium alloy. 
[0023] Partially engaged between ring electrode 30 
and sleeve 38 is a tip/ring spacer 40, which is preferably 



made of silicone rubber. In addition to establishing a pre- 
determined distance between ring electrode 30 and tip 
electrode 28, tip/ring spacer 40 functions to define a 
substantially cylindrical chamber in which the remaining 

5 components are disposed as well as to define the outer 
surface of electrode and fixation assembly 26. In the dis- 
closed embodiment, tip/ring spacer 40 has dimensions 
such that a constant lead body diameter is maintained 
between tip electrode 28 and ring electrode 30. 

io [0024] Extending along the length of lead body 12 
through crimp sleeve 36, sleeve 38, ring electrode 30, 
and tip/ring spacer 40 is a second coiled conductor 42, 
which is insulated from outer coiled conductor 34 by in- 
ner insulative sheath 44 which, like outer sheath 32 is 

'5 made of silicone rubber, polyurethane, or the like. Inner 
conductor42 terminates at a substantially cylindrical he- 
lix sleeve 46. In the presently preferred embodiment, he- 
lix sleeve 46 is made of machined polysulfone, and is 
provided with a rectangular slot 48 which allows the di- 

20 ameter of the coil defined by inner conductor 42 to in- 
crease at a "dog-leg" point designated generally as 90 
in FIGS. 2a and 2b. Distally from "dog-leg" point 90, in- 
ner conductor 42 coils around the outer surface of helix 
sleeve 46 toward the distal end of helix sleeve 46, and 

25 is electrically coupled, e.g., by spot or laser welding, to 
tip electrode 28. The configuration of inner conductor 42 
and "dog-leg" point 90 are best seen in FIG. 4, which 
shows conductor 42 in isolation. 
[0025] At its distal end, inner conductor 42 is electri- 

30 cally coupled, via spot or laser welding or the like, to tip 
electrode 28, shown in FIGS. 3a and 3b, respectively. 
Tip electrode 28 comprises a substantially cylindrical 
portion 50 and a forward-oriented face portion compris- 
ing a substantially annular section 51 . Annular section 

35 51 has a segmented pattern of forward-facing tabs 52 
arranged radially about the lead body axis and separat- 
ed from one another by a segmented pattern of spaces 
53. Tabs 52 each have a through-hole 54 therein, where 
through-holes 54 function as steroid-elution ports, as 

40 will be hereinafter described. 

[0026] In the present embodiment of the invention, a 
porous structure (not shown) may be sintered onto tabs 
52 and overthrough-holes 54. The porous structure may 
be made by mixing a conductive material and a binder 

45 to form preferably a conductive slurry mixture as is well 
known in the art. Next this slurry may be deposited onto 
tabs 52 and sintered. Once sintered the porous structure 
is then preferably electroplated with a material to pro- 
vide a relatively high microscopic surface area, such as 

so platinum black in the preferred embodiment. Electro- 
plating may be accomplished in any manner suitable to 
produce an electrode having a platinum black surface 
coating which is sufficiently durable to permit it to be im- 
planted within a body. The porosity, together with the 

55 platinum black coating is intended to reduce capacitive 
resistance and polarization, as is well known in the art. 
[0027] Except for the sintered distal faces of tabs 52, 
the remainder of tip electrode 28 is preferably insulated, 
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thereby increasing the electrode pacing impedance by 
minimizing the exposed macroscopic surface area 
thereof. The macroscopic surface area is further mini- 
mized as a result of radially-oriented spaces 53 of the 
forward-facing, substantially annular portion 51 of elec- s 
trode 28, since the presence of spaces 53 leaves only 
tabs 52 exposed to make electrical contact with endo- 
cardial tissue. 

[0028] Although tip electrode 28 is segmented 
through four forward -facing radially-oriented tabs 52 
(and a corresponding number of intervening spaces 53) 
it is contemplated electrode 28 may alternatively have 
more or fewer tabs 52 and spaces 53. 
[0029] In an alternative embodiment depicted in FIG. 
3c, no radially-oriented space sections 53 are provided; 
instead, annular portion 51 , although intact, is coated in 
radially-oriented sections with an insulative material 55, 
such that annular section 51 effectively comprises alter- 
nating radially-oriented conductive and non-conductive 
segments. 

[0030] Referring again to FIGS. 2a and 2b, disposed 
within tip electrode 28, directly behind annular portion 
51 , is a washer-like polysulfone electrode shim 56 hav- 
ing holes therein which, in the presently disclosed em- 
bodiment of the invention, aligns with holes 54 in tabs 
52 of tip electrode 28, previously described with refer- 
ence to FIG. 3a. Directly behind electrode shim 56 is an 
annular space occupied by a similarly annular steroid 
monolithic controlled release device (MCRD) 58. Holes 
54 and the corresponding holes in electrode shim 56, 
along with the porous sintered coating on tabs 52, allow 
steroid to elute into the tissue proximate to the distal end 
of lead 1 0. Although in the preferred embodiment a sep- 
arate MCRD 58 is provided, it is also possible to provide 
the MCRD function to shim 56. 
[0031] It is contemplated tabs 52 in annular portion 51 
of electrode 28 may not be provided with steroid-elution 
through-holes 54. Instead, steroid elution could be ac- 
complished though electrode shim 56 in the regions 
thereof which align with spaces 53 in annular section 51 
of electrode 28. That is, electrode shim may itself be po- 
rous, at least in the regions which align with spaces 53, 
such that no steroid-elution ports 54 would be required 
in tabs 52. 

[0032] Helix assembly 60 is slidably disposed, in a 
piston-like fashion, in the cylindrical interior of helix 
sleeve 46. A greatly enlarged side view of helix assem- 
bly 60 is shown in FIG. 5. Helix assembly 60 comprises 
a stylet socket portion 62, which is preferably made of 
hard plastic, and a sharpened helix 64, the base of which 
may be molded into stylet socket 62 and which extends 
axially outward from stylet socket 62. Helix 64 is prefer- 
ably made of a platinum/indium alloy. As shown in FIGS. 
2a, 2b, and 5, stylet socket 62 has an axially-oriented 
rectangular slot 66 formed therein, preferably having a 
flared opening 68 corresponding to screwdriver tip of a 
stylet, described below. 

[0033] Helix assembly 60, best seen in FIGS. 2a, 2b 



and 5, is secured within helix sleeve 46 by means of a 
substantially cylindrical helix seal 70 which is made of 
molded silicone rubber. Helix seal 70 is provided with a 
helical lumen or channel 72 extending from front to back, 
through which helix 64 is able to pass, as depicted in 
FIGS. 2a and 2b. Helix seal 70 is further provided with 
a flared portion 74 around its circumference to secure 
seal 70 between electrode shim 56 and helix sleeve 46. 
When so secured, the front (distal) end of helix seal 70 
defines a substantially circular, non-conductive central 
portion in the face of tip electrode 28. 
[0034] Referring to FIG. 6b, helical lumen 72 in helix 
seal 70 is sealed at point 76. When helix 64 is screwed 
into helix seal 70 from the back, helix seal 70 guides 
helix 64 to advance forward, such that the pointed tip of 
helix 64 pierces point 76 of lumen 72. When helix 64 is 
screwed back out, the resiliency of silicone rubber seal 
70 is such that lumen 72 effectively seals itself. This self- 
sealing arrangement is believed to be advantageous in 
that it tends to prevent body fluids from entering elec- 
trode and fixation assembly 26. 
[0035] Fixation assembly 26 is actuated by a torque 
transfer stylet 24. Torque transfer stylet 24 may be best 
seen in FIGS. 7-13 and has essentially three sections, 
a proximal straight wire section 122, a distal straight wire 
section 124, and an intermediate section 121 located 
therebetween. As seen intermediate section 121 has a 
length of helical torque coil 130 attached therearound. 
[0036] Proximal and distal straight wire sections 122 
and 1 24 are preferably constructed of a corrosion resist- 
ant steel wire, such as type 304 stainless steel wire, hav- 
ing a nominal, maximum diameter D 1 of approximately 
0.4mm (0.01 6 inches) which corresponds to the diame- 
ter of prior art stylet wires conventionally used. Proximal 
section 122 has a knob 174 having finger gripping mem- 
bers 1 80 formed on it to aid in transmitting torque. 
[0037] Distal section 1 24 of torque transfer stylet 24, 
as best seen in FIG. 8, has a length Y ending with tip 
162. Length Y is preferably between 4mm and 4.5mm 
(0.160 and 0.180 inches). Tip 162 has a length Y 2 of 
typically 3.25mm (0.13 inches), and a tapered length Y 1 
of 0.75mm (0.03 inches), typically. Tip 162 may have a 
radius of 0.2mm (0.008 inches) and a thickness T t be- 
tween its flattened sides in region Y 2 of 0.2mm (0.008 
inches). Although tip 162 is depicted as a screwdriver, 
it may also be configured to conform to a variety of at- 
tachment mechanisms orconventions, e.g. TORX, hex- 
agonal socket or Phillips driver shapes, shaped in slot 
66 of helix assembly 60. 

[0038] Proximal and distal sections 122 and 124 are 
depicted in FIG. 8 with proximal and distal, tapered por- 
tions 126 and 128, respectively, having lengths denoted 
as X 1 and X 2 , respectively, to facilitate attachment within 
and to helical torque coil 130 (not depicted in FIG. 8 for 
clarity.) The reduced diameter, proximal and distal por- 
tions 1 26 and 1 28 are tapered down to a reduced diam- 
eter D 2 of about 0.2mm (0.008 inches). Moreover, these 
portions may or may not be provided in any appreciable 
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length or degree, as the length of each may reflect a 
wire drawing or grinding transition zone dependent on 
the method and equipment employed to draw or grind 
ends of proximal and distal wire sections 122 and 124 
down to reduced diameter D 2 from the regular diameter s 

[0039] As depicted in FIG. 7 helical torque coil 130 
extends over length X of torque transfer stylet 24. The 
exact dimension X may depend on the length of a J- 
shape pre-formed in the atrial endocardial lead the stylet 
is to be used in as well as the corresponding length of 
portion 125. For example, length X may be on the order 
of about or approximately 10 cm (or 4.0 inches). The 
wire of helical torque coil 1 30 is preferably a 304 stain- 
less steel of a diameter in the range of 0.075mm (0.003 
inches) and has an inside coil diameter approximating 
reduced diameter D 2 or about 0.2mm (0.008 inches). 
[0040] Helical torque coil 130 as seen in FIG. 12 pref- 
erably consists of a pair of counter-wound coils 1 30 and 
131 which extend between distal section 124 and prox- 
imal section 122 (although only a portion of coils 130, 

1 31 are shown for clarity.) An acceptable torque coil 1 30 
may be one such as disclosed in the U.S. Patent No. 
5,165,421 to Fleischhacker discussed above. Although 
a pair of counter-wound coils is preferred for torque coil, 
it should be understood a single coiled wire may also be 
used. Coils 130, 131 may be fastened to the torque 
transfer stylet 24 in any acceptable fashion, preferably 
through use of a brazing alloy 136. 
[0041] As shown in the partial cross section drawing 
of FIG. 9, portion 126 of proximal wire section 122 may 
be formed with a tapered sub-portion 1 23 terminating in 
relatively straight sub-portion 125 of length Xj*. Portion 
1 26 is fitted within lumen 1 32 defined by the inner diam- 
eter of helical torque coil 130 such that wire coil lumen 

132 is expanded as the end-most turns of end section 
134 of helical torque coil 130 are forced onto tapered 
sub-portion 123 of length X^. The various dimensions 
including lengths X^ X-,', X*, 0 depicted in FIG. 10 (as 
well as the other figures) are arbitrary in relation to the 
stylet wire diameters for ease of illustration and there- 
fore may be relatively shorter or longer in practice. 
[0042] End section 134 of helical torque coil 130 ex- 
tending overtapered sub-portion 1 23 and part of straight 
sub-portion 125 is brazed to the underlying surface of 
portion 126 as shown by darkened brazing alloy 136. 
The diameter D 1 of the portion of torque transfer stylet 
24 having helical torque coil 1 30 is restored after brazing 
by grinding down any expanded turns of end section 1 34 
of helical torque coil 130 and any excess brazing alloy 
136. In this fashion, a secure bond of end section 134 
of helical torque coil 130 and straight wire section 122 
is obtained while maintaining uniform outer diameter D 1 . 
[0043] Diameter D 2 of straight wire sub-portion 1 25 is 
smallerthan inner diameter defining wire coil lumen 132. 
In the example described above, diameter D 2 may be 
reduced 0.2mm (0.008 inches) from the 0.4mm (0.016 
inch) diameter D 1 and thus to 0.008 inches to allow the 



0.075mm (0.003 inch) wire diameter helical torque coil 
1 30 to be wound thereon with a slight gap, in the present 
embodiment as illustrated 0.025mm (0.001 inches). 
This gap allows helical torque coil 130 to stretch longi- 
tudinally and flex laterally and bear against sub-portion 
125 when torque transfer stylet 24 is bent in the length 
of helical torque coil 1 30. This action reinforces the junc- 
tion of attachment from fracture, and is desirable partic- 
ularly in the more proximal attachment of straight wire 
section 122 with helical torque coil 130 which may be 
subjected to greater stress. For example, when torque 
transfer stylet 24 is inserted into the lumen of connector 
pin 18 of a lead, length X of helical torque coil 130 may 
be bent laterally as torque transfer stylet 24 is inserted, 
applying force on the junction of attachment in the length 
X 1 . Distal straight wire section 124 is shorter and easier 
to insert into lumen of connector pin 1 8 without bending 
and stressing the junction of attachment. Of course hel- 
ical torque coil 130 may also be directly attached to in- 
termediate section 121 as well as directly wrapped 
about intermediate section 121 without departing from 
the scope of the present invention as defined by the 
claims. 

[0044] FIG. 10 depicts an alternative attachment 
which may be more useful in the junction of attachment 
of distal section 1 24 with helical torque coil 1 30 in portion 
128. In this embodiment, portion 128 is substantially 
straight, rather than tapered, although a minor unintend- 
ed taper may exist due to wire forming and fabrication 
limitations at the junction with distal section 124. Brazing 
alloy 1 36 fills the gap between inner diameter lumen 1 32 
of helical torque coil 1 30 and diameter D 2 as well as the 
gaps between adjacent turns of helical torque coil 130 
over entire junction length X 2 . Again, excess brazing al- 
loy 132 is ground away to maintain uniform outer diam- 
eter D v 

[0045] As mentioned above, portions 126 and 128 
may take any of the forms depicted in the FIGS, and 
may be used in any combination in any given stylet fol- 
lowing the construction techniques described above. 
Other techniques of attaching helical torque coil 130 
around first or second sections 126 and 128, e.g. by 
welding or bonding the contacting coil turns to the sur- 
face of the reduced diameter portion, may also be em- 
ployed. 

[0046] FIGS. 13 and 14 are cross sectional views of 
alternate embodiments of coils which may be used with- 
in the helical torque coil 130 of the present invention. 
Such various geometries may be used to tailor the spe- 
cific torque transfer and stylet stiffness characteristics 
desired. As seen in FIG. 1 3 a helical torque coil 1 30 used 
in a stylet of the present invention may feature a non- 
circular rectangular cross section. As seen in FIG. 14 a 
helical coil 30 used in a stylet of the present invention 
may further feature a non-circular elliptical cross sec- 
tion. Further details and examples of the use of various 
cross sectional geometries to accomplish torque trans- 
fer through a helical coil may be found in the U.S. Patent 
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No. 5,354,327 entitled "Conductor Coil with Specific Ra- 
tio of Torque to Bending Stiffness." 
[0047] FIG. 1 5 illustrates the torque transfer stylet 24 
of the present invention disposed through a lead 26. As 
seen rotation of knob 1 80 in direction 200 causes distal 5 
end of torque transfer stylet 24 and thus helix 64 to also 
rotate in the same coaxial direction (it should be noted 
it appears to be in the opposite direction since the lead 
is bent 180 degrees). Duo to the increased flexibility of 
the torque transfer stylet 24 along intermediate portion 10 
124 along with the provision of torque coil 130 stylet 24 
readily rotates about its longitudinal axis without bend- 
ing a causing the distal end of the lead 26 to be dis- 
placed. 

[0048] A further alternative embodiment of the '5 
present invention may be seen in FIGS. 15 and 16. In 
particular FIG. 15 is a side view of this additional alter- 
native embodiment. As seen this embodiment is identi- 
cal to that shown in FIG. 7a and described above but for 
the addition of sleeve 201 . FIG. 16 is a partial sectional 20 
view of the alternative embodiment of a stylet depicted 
in FIG. 1 5. As seen sleeve 201 wraps around and cover 
torque coils 130, 131 (although shown only partially cov- 
ering these coils for the sake of clarity.) Sleeve 201 acts 
as a lubricous solid layer to facilitate rotation of stylet 25 
within lead even when deflected (as best seen in FIG. 
14) Specifically sleeve 201 prevents torque coil from di- 
rectly contacting lead coil. Sleeve 201 also facilitates 
sliding of lead 86 over stylet 2 in a longitudinal direction. 
Sleeve 201 is preferably constructed from a hard, high 30 
elastic modulus, polymeric material, such as polyimide. 
Sleeve 201 may also be constructed from a metal, such 
as stainless steel or Nitinol. 

[0049] Transvenous implantation of lead 1 0 may be 
accomplished using conventional lead introduction 35 
techniques. During the implantation procedure, torque 
transfer stylet 24 is used to provide stiffness to lead body 
12, facilitating manipulation of lead 10 through the pa- 
tient's venous system. Helix assembly 60 is maintained 
in its most retracted position until the distal end of elec- 40 
trode and fixation assembly is brought into contact with 
the desired endocardial stimulation site. Since helix as- 
sembly 60 is contained completely within the electrode 
and fixation assembly, it is prevented from damaging tis- 
sue as lead 1 0 is advanced through the venous system. 45 
[0050] Once the desired electrode positioning is 
achieved, torque transfer stylet 24 is rotated in the ap- 
propriate direction to cause helix 64 to advance through 
helical channel 72 within helix seal 70, eventually pierc- 
ing sealed portion 76 at the distal end of helical channel so 
72. Continued rotation of helix 64 will cause further ad- 
vancement, so that helix 64 pierces and engages the 
endocardial tissue. In this way, electrode and fixation as- 
sembly 26, and in particular, tip electrode 28, is secured 
in contact with the desired stimulation site. The porous 55 
sintered coating on tabs 52 of electrode 28 allows ster- 
oid from MCRD 58 to elute from the lead at the location 
of the lead/tissue interface. Thus, the full benefits asso- 



ciated with steroid elution, well documented in the prior 
art, are realized, and secure fixation of the lead at the 
stimulation site is achieved. 

[0051 ] A further advantage of the present invention is 
that the fixation mechanism of lead 10 can be released, 
without significant damage to the cardiac tissue, by sim- 
ply rotating torque transfer stylet 24 in the opposite di- 
rection. Such retraction of helix 64 may be desired, for 
example, if it is necessary to relocate the lead. 



Claims 

1 . A body implantable lead system comprising: 

a lead (10) for electrically communicating with 
a tissue of a body, the lead (1 0) having a con- 
ductor (12) having a proximal end and a distal 
end, the conductor having a lumen, the conduc- 
tor covered between the proximal end and the 
distal end by an insulative sheath (32), a fixa- 
tion helix (28,64) positioned at the distal end of 
the conductor (12), the fixation helix (28,64) 
having a proximal end and a distal end, the 
proximal end of the fixation helix having means 
(22) for receiving a torque; 
a stylet (24) disposed through the lumen, the 
stylet (24) having a distal tip, a distal section, 
an intermediate section and a proximal section, 
the distal section having a first diameter, the in- 
termediate section having a second diameter, 
the second diameter being smallerthan the first 
diameter; 

characterized in that the intermediate sec- 
tion has a torque coil (130) located there about. 

2. The body implantable lead system of claim 1 where- 
in the distal section has means (162) for transmit- 
ting a torque which corresponds to the means (66) 
for receiving a torque of the proximal end of the fix- 
ation helix. 

3. The body implantable lead system of claim 2 where- 
in the means for transmitting a torque comprise a 
screwdriver (162). 

4. The body implantable lead system of claim 1 , 2 or 
3 wherein the means for receiving a torque com- 
prise a slot (66). 

5. The body implantable lead system of any preceding 
claim wherein the torque coil (130) is attached to 
the intermediate section (121). 

6. The body implantable lead system of any preceding 
claim wherein the torque coil (1 30) has a center lu- 
men of a third diameter, the third diameter being 
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greater than the second diameter of the intermedi- 
ate section of the stylet. 

7. The body implantable lead system of any preceding 
claim wherein between the intermediate section 5 
(121) and the torque coil (130) there is a gap. 

8. The body implantable lead system of any preceding 
claim wherein the torque coil (130) has a first end 
and a second end, the first end is attached to the 10 
proximal section and the second end is attached to 

the distal section. 



19. The body implantable lead system of claim 1 where- 
in the intermediate section has a distal end and a 
proximal end, the distal end of the intermediate sec- 
tion is located between 4mm and 4.5mm (0.1 60 and 
0.180 inches) from the distal tip of the stylet. 

20. The body implantable lead system of claim 1 where- 
in the intermediate section has a distal end and a 
proximal end, the distal end of the intermediate sec- 
tion is located approximately 10cm (4.0 inches) 
from the proximal end of the intermediate section. 



9. The body implantable lead system of any preceding 
claim wherein the torque coil is directly wrapped '5 
about the intermediate section. 

10. The body implantable lead system of any preceding 
claim wherein the torque coil (1 30) comprises a wire 
having a circular cross-section, the wire wound into 20 
a helical coil. 

1 1 . The body implantable lead system of any preceding 
claim wherein the torque coil comprises a first hel- 
ical coil and a second helical coil. 25 

12. The body implantable lead system of claim 11 
wherein the first helical coil is wound in a first direc- 
tion and the second helical coil is wound in a second 
direction. 30 

13. The body implantable lead system of claim 12 
wherein the first direction of the first helical coil is 
opposite the second direction of the second helical 
coil. 35 

14. The body implantable lead system of any preceding 
claim further comprising a sleeve of a high elastic 
modulus, polymeric material positioned over the 
torque coil. *o 

15. The body implantable lead system of claim 14 
wherein the high elastic modulus, polymeric mate- 
rial is polyamide. 

45 

16. The body implantable lead system of claim 11 
wherein the first helical coil has a diameter less than 
the first diameter of the distal section. 

17. The body implantable lead system of claim 11 so 
wherein the second helical coil has a diameter 
greater than the second diameter of the intermedi- 
ate section. 

18. The body implantable lead system of claim 11 55 
wherein the second helical coil is located around the 
first helical coil. 



Patentanspruche 

1. Korperimplantierbares Zuleitungssystem bzw. Lei- 
tungssystem mit 

einer Leitung (1 0) zur elektrischen Kommunikation 
mit einem Gewebe eines Korpers, wobei die Lei- 
tung (10) einen Leiter (12) mit einem proximalen 
Ende und einem distalen Ende aufweist, wobei der 
Leiter ein l umen bzw. einen Hohlraum aufweist, 
wobei der Leiter zwischen dem proximalen Ende 
und dem distalen Ende durch eine isolierende Hiil- 
se (32) bedeckt ist, einer Fixationshelix (28, 64), die 
an dem distalen Ende des Leiters (12) positioniert 
ist, wobei die Fixationshelix (28, 64) ein proximales 
und ein distales Ende aufweist, wobei das proxima- 
le Ende der Fixationshelix Mittel (22) zur Aufnahme 
eines Drehmoments aufweist; einem Mandrin bzw. 
Stylet (24), welches durch das Volumen hindurch 
angeordnet ist, wobei das Stylet (24) eine distale 
Spitze, einen distalen Abschnitt, einen mittleren Ab- 
schnitt und einen proximalen Abschnitt aufweist, 
wobei der distale Abschnitt einen ersten Durchmes- 
ser und der mittlere Abschnitt einen zweiten Durch- 
messer aufweist, wobei der zweite Durchmesser 
kleiner als der erste Durchmesser ist; 
dadurch gekennzeichnet, 
dass der mittlere Abschnitt eine urn ihn herum bzw. 
in seiner Umgebung angeordnete Drehmoment- 
spule (130) aufweist. 

2. Korperimplantierbares Zuleitungssystem nach An- 
spruch 1, bei welchem der distale Abschnitt Mittel 
(162) zur Ubertragung eines Drehmoments auf- 
weist, welche den Mitteln (66) zur Aufnahme eines 
Drehmoments des proximalen Endes der Fixations- 
helix entsprechen. 

3. Korperimplantierbares Zuleitungssystem gemaft 
Anspruch 2, bei welchem die Mittel zur Ubertragung 
eines Drehmoments einen Schraubenzieher (162) 
umfassen. 

4. Korperimplantierbares Zuleitungssystem nach ei- 
nem der Anspriiche 1 , 2 oder 3, bei welchem die 
Mittel zur Aufnahme eines Drehmoments einen 
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Schlitz (66) aufweisen. 

5. Korperimplantierbares Zuleitungssystem nach et- 
nem der vorstehenden Anspriiche, bei welchem die 
Drehmomentspule (130) an dem mittleren Ab- s 
schnitt (121) befestigt ist. 

6. Korperimplantierbares Zuleitungssystem nach ei- 
nem der vorstehendcn Anspriiche, bci vvelchem die 
Drehmomentspule (130) ein zentrales Lumen mit 10 
einem dritten Durchmesscr aufweist, vvobci dor drit- 

te Durchmesser gr63er als derzweite Durchmesser 
des mittleren Abschnitts des Stylets ist. 

7. Korperimplantierbares Zuleitungssystem nach ei- '5 
nem der vorstehenden Anspriiche, bei welchem 
zwischen dem mittleren Abschnitt (121) und der 
Drehmomentspule (130) ein Zvvischenraum ausge- 
bildet ist. 

20 

8. Korperimplantierbares Zuleitungssystem nach ei- 
nem der vorstehenden Anspriiche, bei welchem die 
Drehmomentspule (130) ein erstes Ende und ein 
zweites Ende aufweist, wobei das erste Ende an 
dem proximalen Abschnitt und das zweite Ende an 25 
dem distalen Abschnitt angebracht ist. 

9. Korperimplantierbares Zuleitungssystem nach ei- 
nem der vorstehenden Anspriiche, bei welchem die 
Drehmomentspule direkt urn den mittleren Ab- 30 
schnitt gewickelt ist. 

10. Korperimplantierbares Zuleitungssystem nach ei- 
nem der vorstehenden Anspriiche, bei welchem die 
Drehmomentspule (1 30) einen Draht mit kreisformi- 35 
gem Querschnitt aufweist, wobei der Draht zu einer 
helixformigen Spule gewickelt ist. 

11. Korperimplantierbares Zuleitungssystem nach ei- 
nem der vorstehenden Anspriiche, bei welchem die 40 
Drehmomentspule eine erste helixformige Spule 
und eine zweite helixformige Spule aufweist. 

12. Korperimplantierbares Zuleitungssystem nach An- 
spruch 1 1 , bei welchem die erste helixformige Spule 45 
in einer ersten Richtung und die zweite helixformige 
Spule in einer zweiten Richtung gewickelt ist. 

13. Korperimplantierbares Zuleitungssystem nach An- 
spruch 12, bei welchem die erste Richtung der er- so 
sten helixformigen Spule der zweiten Richtung der 
zweiten helixformigen Spule entgegengesetzt ist. 

14. Korperimplantierbares Zuleitungssystem nach ei- 
nem der vorstehenden Anspriiche, ferner mit einer 55 
Manschette bzw. einem Schlauch aus Polymerma- 
terial mit groRem Elastizitatsmodul, welcher liber 
der Drehmomentspule angebracht ist. 



15. Korperimplantierbares Zuleitungssystem nach An- 
spruch 14, bei welchem das Polymerm ate rial mit 
hohem bzw. gro3em Elastizitatsmodul Polyamid ist. 

16. Korperimplantierbares Zuleitungssystem nach An- 
spruch 11, bei vvelchem die ersten helixformige 
Spule einen Durchmesser aufweist, der kleiner als 
der erste Durchmesser des distalen Abschnitts ist. 

17. Korperimplantierbares Zuleitungssystem nach An- 
spruch 11, bei welchem die zweiten helixformige 
Spule einen Durchmesser aufweist, der groBer als 
der zweite Durchmesser des mittleren Abschnitts 
ist. 

18. Korperimplantierbares Zuleitungssystem nach An- 
spruch 11, bei welchem die zweite helixformige 
Spule urn die erste helixformige Spule herum ange- 
ordnet ist. 

19. Korperimplantierbares Zuleitungssystem nach An* 
spruch 1 , bei welchem der mittlere Abschnitt ein di- 
stales Ende und ein proximales Ende aufweist, wo- 
bei das distale Ende des mittleren Abschnitts zwi- 
schen4mm und4,5mm(0,160und0,180 lnch)von 
der distalen Spitze des Stylets angeordnet ist. 

20. Korperimplantierbares Zuleitungssystem nach An- 
spruch 1 , bei welchem der mittlere Abschnitt ein di- 
stales Ende und ein proximales Ende aufweist, wo- 
bei das distale Ende des mittleren Abschnitts etwa 
1 0 cm (4,0 Inch) von dem proximalen Ende des mitt- 
leren Abschnitts angeordnet ist. 



Revendications 

1. Systeme de sonde corporelle implantable 
comprenant : 

une sonde (10) pour communiquer electrique- 
ment avec un tissu d'un corps, la sonde (10) 
ayant un conducteur (12) ayant une extremite 
proximale et une extr6mit6 distale, le conduc- 
teur ayant une lumiere, le conducteur recouvert 
entre I'extremite proximale et I'extremite distale 
d'une gaine isolante (32), une helice de fixation 
(28, 64) positionnee a I'extremite distale du 
conducteur (12), l'h6!ice de fixation (28, 64) 
ayant une extremite proximale et une extremite 
distale, I'extremite proximale de I'h6licede fixa- 
tion ayant des moyens (22) pour recevoir un 
couple ; 

un mandrin (24) dispose a travers la lumiere, le 
mandrin (24) ayant une extremite distale, une 
section distale, une section intermediaire et 
une section proximale, la section distale ayant 
un premier diambtro, la section intermediaire 
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ayant un deuxieme diametre, Is deuxieme dia- 
metre etant plus petit que le premier diametre ; 

caracterlse en ce que la section intermediai- 
re a une spirale de couple (130) placee autour d'el- 

ie. 

2. Systeme de sonde implantable corporelle selon la 
revendication 1 , dans lequel la section distale a des 
moyens (162) pour transmettre un couple qui cor- 
respondent aux moyens (66) pour recevoir un cou- 
ple de I'extremite proximaie de Phelice de fixation. 

3. Systeme de sonde implantable corporelle selon la 
revendication 2, dans lequel les moyens pourtrans- 
mettre un couple comprennent un tournevis (162). 

4. Systeme de sonde Implantable corporelle selon la 
revendication 1 , 2 ou 3, dans lequel les moyens 
pour recevoir un couple comprennent une fente 
(66). 

5. Systeme de sonde implantable corporelle selon 
Tune quelconque des revendications precedentes, 
dans lequel une spirale de couple (130) est fixee a 
la section intermediaire (121). 

6. Systeme de sonde implantable corporelle selon 
Tune quelconque des revendications precedentes, 
dans lequel la spirale de couple (1 30) a une lumiere 
centrale d'un troisieme diametre, le troisieme dia- 
metre etant superieur au deuxieme diametre de la 
section intermediaire du mandrin. 

7. Systeme de sonde implantable corporelle selon 
Tune quelconque des revendications precedentes, 
dans lequel il existe un ecart entre la section inter- 
mediaire (121) et la spirale de couple (130). 

8. Systeme de sonde implantable corporelle selon 
Tune quelconque des revendications precedentes, 
dans lequel la spirale de couple (1 30) a une premie- 
re extremite et une deuxieme extremity, la premiere 
extremity est fixee a la section proximaie et la 
deuxieme extremite est fixee a la section distale. 

9. Systeme de sonde implantable corporelle selon 
Tune quelconque des revendications precedentes, 
dans lequel la spirale de couple est directement cn- 
roulee autour de la section intermediaire. 

10. Systeme de sonde implantable corporelle selon 
Tune quelconque des revendications precedentes, 
dans lequel la spirale de couple (1 30) comprend un 
fil ayant une section transversale circulaire, le fil 
etant enroule en une spirale helicoidale. 

11. Systeme de sonde implantable corporelle selon 



I'une quelconque des revendications precedentes, 
dans lequel la spirale de couple comprend une pre- 
miere spirale helicoidale et une deuxieme spirale 
helicoidale. 

5 

12. Systeme de sonde implantable corporelle selon la 
revendication 11, dans lequel la premiere spirale 
helicoidale est enroulee dans un premier sens et la 
deuxieme spirale helicoidale est enroulee dans un 

10 deuxieme sens. 

13. Systeme de sonde implantable corporelle selon la 
revendication 12, dans lequel le premier sens de la 
premiere spirale helicoidale est oppose par rapport 

15 au deuxieme sens de la deuxieme spirale helicoi- 
dale. 

14. Systeme de sonde implantable corporelle selon 
I'une quelconque des revendications precedentes, 

20 comprenant en outre un manchon en materiau po- 
lymere, de module d'6lasticite eleve positionne sur 
la spirale de couple. 

15. Systeme de sonde implantable corporelle selon la 
25 revendication 1 4, dans lequel le materiau polymere 

de module d'elasticite eleve est un polyamide. 

16. Systeme de sonde implantable corporelle selon la 
revendication 11, dans lequel la premiere spirale 

30 helicoidale a un diametre inferieur au premier dia- 
metre de la section distale. 

17. Systeme de sonde implantable corporelle selon la 
revendication 11, dans lequel la deuxieme spirale 

35 helicoidale a un diametre sup£rieur au deuxieme 
diametre de la section intermediaire. 

18. Systeme de sonde implantable corporelle selon la 
revendication 11, dans lequel la deuxieme spirale 

40 helicoidale est placee autour de la premiere spirale 
helicoidale. 

19. Systeme de sonde implantable corporelle selon la 
revendication 1 , dans lequel la section intermediai- 

45 re a une extremite distale et une extremite proxima- 
ie, i'extremite distale de la section intermediaire est 
placee a une distance comprise entre 4 mm et 4,5 
mm (0,16 et 0,18 pouce) de I'extremite distale du 
mandrin. 

so 

20. Systeme de sonde implantable corporelle selon la 
revendication 1 , dans lequel la section intermediai- 
re a une extremite distale et une extremite proxima- 
ie, Pextremite distale de la section intermediaire est 

55 placee a environ 10 cm (4 pouces) de I'extremite 
proximaie de la section intermediaire. 
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Figure 3a 
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Figure 3c 




Figure 4 



14 



EP 0 709 111 B1 




15 



EP 0 709 111 B1 




16 



EP 0 709 111 B1 




17 



EP 0 709 111 B1 




18 




19 



EP 0 709 111 B1 





EP 0 709 111 B1 




21 



